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A b s t rac t 
~~i X ~~l Fkl:~~/ ¥ ~~ =A -J- ~; ~l ~FI~ 
Dynamics and evolution of a marine czlldera-t'ormin*(J_ eruption were investigated in Kikai volcano, Japan, which 
occurred in the m[d-Holocene about 6.5 ka and caused devastating damage to the prehistoric human activities in 
southern KyLlshu, Japan. In particular, the physlcal parameters of this eruption were constrained from two effective 
viev~'s; sedimentation ch~u'acteristics of pyi'oclastic deposits, and traces of water waves (tsunamis). The two views are 
attributed lo conversion processes of kinetic and/or thermal ener_CT*y with material transport, and become usel'ul 
qualitative indicators of lhe characteristics of the pyroclastic density currents, el'LLptlon intensity, and scale and 
timin_CT* of the catastrophic calclera collapse during this eruption. 
New insights Into the 6.5 ka Kikai eruption were presented by preclse analyses of the stratlgraphy, textural, and 
lithof~lcies characteristics. ancl components of the pyroclastic deposits in the proxim',tl area. Stratigraphical sections 
of the deposlts are characterizeci by plinian pumice-fall deposits (Units Al-A4), intraplinian pyroclastic density 
current deposits (Unit B), voluminous ignimbrite (Units Cl-C-3), phase I is characterized by two plinian eruptions 
where the vent WaS Iocateci neai~ the northYvestern side of rhe caldera. The actual eruption duration of this phase was 
estimated to be more than one day from the DRE magn~a mass (2X 101~ kg) and discharge rate (2X lOX kg/s). In 
Phase 2, high temperatL[i~e dilute currents were generated from collapse of the plinian CoILLmn with magma-waLer 
inleraction, Indicating the vent-enlarg*ement from Subaerial to submarine condition. The eruption duration of the 
plinian phase is estimated to be a minlmum of approximately 28 110ui's. A climactic VolLllTlinOLIS current has haci a 
high shear and hi_*cTh temperature b,asal part producing Units Cl and C2 in proximal area and a main sustained body 
producin_*~ Unit C3 in the wide area of soLJthern KyLlshu. The main caldera collapse may have started bet'ore the Unlt 
C3 deposilion. The discontinuities between Unlts B and C whlch are identified in Take-shima correspond with more 
than slx days Lime-gap, based on one dlmensional coo[ing ctl[cL[lation. The source had a bias toward the western side 
of the caldera throL[ghout the enti]-e eruption. 
Gene]~ation and emplacement processes of high temperature dilute pyroclastic density currents during the collapse 
of' the plinlan column ¥;vere investi**crated for understanding* eruption conditions. Field observations and some 
theoretical considerations i'elated lo thermodynamic calcL[latlons sL[ggest that when pyroclastic density currents were 
produced under conditlons that the temperatLir~e is 2ibove a minimum weldlng one and a few wl(':y() of seawater mixeci 
with magmtl, res_'ulting in welded surge deposits' being produced. 
Geo]ogical characterislics in proximal caldera areas and some considerations related to the speed of pyroclastic 
flow and tsunaml indicate three major processes for tsunami generation-timing at the source and arrival-tlming at a 
coast. SatsLLma Peninsula: (a) the tsunami ¥vas generated by caldera collapse a considerab]e time before the 
pyroclastic f'low generatioin. or, immedlately after the collapse starting, ancl tsunami arriveci at coasts before 
pyroclastic flow arrival, (b) the tsunami was generated by a pyi'oclastic now entering the sea, and the tsunami arriveci 
Llt the coast after' the pyr'oclastic flow arrived, (c) the ISLin~lmi was generated by caldera collapse at the salT]e tlme, or 
after the climactic pyroclastic flow generation, and the tsunaml arrived at the c02lst after pyroclastic tTow arrived. 
Furthermore, based on coastal geology at each location, slx det,ailed s_'cenarios (i)-(vi) can be pi'oposed from 
co]nbinations bet¥veen the three possible mLl.jor processes (a, b, and c) for timing of ts_ unami generation and arrival. 
Proces~,'es of' tsunami generation. propagation. tlnd inundation during lhis eruption were investigatecl numerically 
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 inordel'しolimittllemt〔)ascale〔)fcaldemcollapsealldavolume日uxohtclilllacticpyroclasticnow,Llshlgtwo
models;acalderacollapsemodelandapyroclasticnowemeringseamodeLThesourcecollditionsofatsunami,
 whlchcanstirsubma1閣inesedimentsinTachibanaBay,220kmfromtheso田一ce,werealsoinvestigatedusingthe
 Shields-B段glloldnon-dimensionalboulldaryshearstressθ。.r,Asaresult,tsしmamisgeneratedbycalderacollapsemay
easilyachievetheshearstressthl'esholdvaktes,ratherthallonesgeneratedbypy1'oclasticflow.Comparisollswith
 ge・1・gicalandnumericah・esultscanleadt・thes・urcec。nditi・n・fthe6・5kaerupti・11:thel'ange・fdimensi・nless
 calde1・acollapsespeed,0,001-0.01,co1Tespondhlgwithdurationsfrom40mhlutesto6hours(deq)estcolla1)se
model),oronesfrom20mhllltesto2hours(shallowestcollapsemodel),wh1chcanleavetracesoftsullamihlall
!ocations.Theminimumcollapsespeedofthe6.5kaerLlptionmayhavebeenlargerthanotherhisloricalcaldera-
 f・rminge1・upti・ns.Avdumeflux・faclimacticpyr・clasticfl・wcann。tbesufficientlylimlted・bLttitsh・uldbe
 aboutO.1,whentsunamiinundateatcoastsinSatsumaPellinsula.Illaddition,thesixdetaHedscella1・ios(i)一(vi)for
 LsunamiarrivahimingsoncoastsofSatsumaPellinsulacanbelimited,し1shlgthedimensionlesscalderacollapse
 speed,0.OO3,anddimensiolllessvolumefluxofpyroclasticflow,0.1,whicharetheborde1・valuescomrolling
whethertsunamlhlundationoccursornot.
 Basedonresultsofgeologicalandnume1・icalanalyses,atime-scaleofthe6・5kaeruptlα1wasestimatedtobe
morethanoneweek:morethanonedayfortheplinianphaseandmorethansixdaysforthetime-gapbetweenthe
 plinianphaseandtheclimacticphase,f・ll・wedbylessthan6h・urscaldera-f・r1・・ingevelltswithapl一・ducti・n・f
volumhlouspy1'oclasticflow.Thiseruptlonwasoveraremarkablylongperiod,comparedwithothe1`historical
 caldera-fol'mhlgeruptions,suchasMilloan,Krakat乏1u,alldPinatubo.
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 論文審査の結果の要旨
 火山噴火の中でも,とりわけカルデラを形成するような巨大噴火は,数千年または数万年に一度とい
 う低頻度であるが,全地球史を通じて普遍的に発生してきた破局的地質イベントである。この巨大噴火
 のダイナミクスや推移は,近年の研究でその大枠が理解されつつあるが,定量的物理量の把握は十分に
 なされておらず,未知である。本論文の著者である前野深は,6.5k&に南九州で発生した巨大噴火を例に
 して,噴火堆積物の地質解析と津波の発生・伝播過程の数値解析の2つの手法を用いてアプローチするこ
 とにより,未観測の浅海性カルデラ噴火の時間スケールとカルデラ崩壊過程に対して,世界で初めて定
 量的制約を与えた。
 本研究では,まず従来十分に明らかにされていなかった6.5ka鬼界カルデラ噴火堆積物について,噴出
 源近傍における詳細な地質調査を行いこの噴火のダイナミクスと推移を構築し,また噴出率や噴火の継
 続時間に対して定量的データを提示して,新しい洞察をおこなった。ついで,沿岸域における噴火堆積
 物の層序を確立し,噴火のクライマックスで発生した大規模火砕流と津波の発生過程,またそれらの沿
 岸域への到着のタイミングについて議論した。さらに,この噴火におけるカルデラ陥没過程と火砕流の
 海域への流入過程をモデル化し,それらにより発生する津波の数値解析を行った。得られた結果と沿
 岸・海底における堆積物の特徴との対比をもとにして,噴出源における物理量,とくにカルデラ陥没の
 時間スケールに制約を与えた。
 以上の内容は,従来の地質学的研究のみからのアプローチで達成し得なかったカルデラ噴火の時間ス
 ケールやカルデラ崩壊過程に対して定量的制約を与えており,数値解析の手法を併用するという新しい
 視点に立った本研究の価値が高いばかりでなく,今後の火山研究にとっても極めて重要な内容といえる。
 本研究は火山学分野のみならず,災害科学の研究にも新しい矢1.1見もたらすものであり,本論文によっ
 て著者が自立して研究活動を行うのに必要な高度な研究能力と学識を有することが示されている。した
 がって,前野深提出の博士論文は,博士(理学)の学位論文として合格と認める。
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